Ͻ25
) and overweight (BMI, Ն25 and Ͻ30) groups, NAFLD was a significant predictor of insulin resistance and other metabolic disorders, including hypertriglyceridemia and hyperuricemia. The odds ratio of the metabolic disorders in subjects with NAFLD compared with those without NAFLD in the normal-weight group was higher than that in the overweight group. Multiple logistic regression analysis showed that sex, waist circumference, triglyceride level, and insulin resistance were independently associated with NAFLD in the normalweight group.
Conclusions: Nonalcoholic fatty liver disease is closely associated with metabolic disorders, even in nonobese, nondiabetic subjects. Nonalcoholic fatty liver disease can be considered an early predictor of metabolic disorders, particularly in the normal-weight population. Med. 2004; 164:2169 -2175 N ONALCOHOLIC FATTY liver disease (NAFLD) describes a clinicopathologic condition that is characterized by significant lipid deposition in the hepatocytes of the liver parenchyma in patients with no history of excessive alcohol consumption. The spectrum of this disease is broad, ranging from a simple steatosis to nonalcoholic steatohepatitis, fibrosis, and cirrhosis. [1] [2] [3] Nonalcoholic fatty liver disease has attracted a great deal of attention since the report by Leevy 4 described 270 patients with NAFLD in 1962. However, the clinical implications of this condition are still under investigation. Nonalcoholic fatty liver disease is the most common liver disease in Western countries, and it is becoming increasingly prevalent in AsianPacific regions because of the increasing westernization of the lifestyle, such as a high-fat and high-calorie diet, less physical activity, and increasing incidence of central obesity and type 2 diabetes. 5 It has been reported that NAFLD is related to obesity, 6 ,7 diabetes mellitus, 6, 8, 9 and dyslipidemia. [8] [9] [10] However, NAFLD has been found in individuals without such risk factors. 9 Recent studies have suggested that hyperinsulinemia and insulin resistance may play a role in the pathogenesis of NAFLD. 11 It has now been proposed that NAFLD is associated with a metabolic syndrome. 12, 13 Obesity and diabetes are well-known risk factors for the development of a fatty liver, 8 and few studies have examined NAFLD in nonobese, nondiabetic populations. Although Asians are less obese than Western people, the prevalence of NAFLD and metabolic syndrome is not lower than that in Western people.
Arch Intern
14 Therefore, the aims of this study were to evaluate the metabolic significance of NAFLDinnonobese,nondiabeticadultsand to assess the independent factors associated with NAFLD. checkup in the Korea Association of Health Promotion Center in Seoul, Korea, underwent screening.
The exclusion criteria were as follows: (1) ; (4) a positive serologic finding for hepatitis B or C virus; (5) the presence of autoantibodies indicative of autoimmune hepatitis; (6) a history of another known liver disease; (7) a malignancy; (8) previous gastrointestinal tract surgery; and (9) ingestion of drugs known to produce hepatic steatosis, including corticosteroids, high-dose estrogens, methotrexate, tetracycline hydrochloride, amiodarone, or tamoxifen citrate in the previous 6 months.
Finally, 768 subjects were enrolled in this study. The Ethics Committee of Yonsei University College of Medicine, Seoul, approved this study, and informed consent was obtained from each subject.
All participants were interviewed to obtain their history of diabetes mellitus, hypertension, myocardial infarction, cerebrovascular accident, etc, as well as alcohol consumption and smoking. Their height, weight and waist and hip circumferences were measured to the nearest half-centimeter or halfkilogram. The waist circumference was measured at the midpoint between the lower border of the rib cage and the iliac crest, whereas the hip circumference was obtained at the widest point between the hip and buttock.
The blood pressure was measured using a standard mercury sphygmomanometer after the subject had been seated for at least 10 minutes. The percentage of whole body fat was measured by means of a bioelectrical impedance analysis method (Inbody 2.0; Biospace Co, Ltd, Seoul, Korea).
The laboratory evaluation included measurement of the aspartate aminotransferase, alanine aminotransferase, fasting blood glucose, fasting insulin, total cholesterol, high-density lipoprotein cholesterol (HDL-C), triglyceride, and uric acid levels. The low-density lipoprotein cholesterol level was calculated using the equation by Friedewald et al. 18 The level of fasting blood glucose was determined by calculating the mean of the repeated checked value. The index of insulin resistance was calculated according to the homeostasis model assessment method (HOMA IR ), 19 as follows:
Fasting Insulin LevelϫFasting Glucose Level/22.5.
Similarly, the index of insulin secretion (HOMA ␤-cell function ) was calculated as (20ϫFasting Insulin Level)/(Fasting Glucose Level−3.5).
For both formulas, insulin was measured as microunits per milliliter; glucose, as millimoles per liter. One experienced radiologist performed abdominal ultrasonography, and the presence of fatty liver was defined as an increased echogenicity of the hepatic parenchyma with an attenuation of the portal vein or diaphragm echogenicity.
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DEFINITION OF METABOLIC VARIABLES
The nonobese subjects were classified into the normal-weight (BMI, Ն18.5 and Ͻ25) and the overweight (BMI, Ն25 and Ͻ30) groups, 16 and the subjects with and without NAFLD were compared within each BMI category.
Men and women with waist circumference values of at least 90 and 80 cm, respectively, were considered to have central obesity, according to the World Health Organization perspective on the western Pacific region for Asians. 21 Hypertension was defined as a systolic blood pressure of 140 mm Hg or greater, a diastolic blood pressure of 90 mm Hg or greater, or the use of antihypertensive medication, according to the guidelines of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. 22 Impaired fasting glucose level was defined as a fasting plasma glucose level of 110 mg/dL or greater (Ն6.1 mmol/L) but less than 126 mg/dL (Ͻ7.0 mmol/L). The presence of insulin resistance was defined as the highest quartile of the HOMA IR . 23 Hypertriglyceridemia and low HDL-C level were defined according to the Adult Treatment Panel III of the National Cholesterol Education Program guidelines (tri-
. 24 Hyperuricemia was defined as a uric acid level of 6.7 mg/dL or greater (Ն400 µmol/L).
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STATISTICAL ANALYSIS
The difference between groups with and without NAFLD was compared using an unpaired t test. The 2 test or Fisher exact test was used to compare the prevalence data. The odds ratio was calculated for 2ϫ2 cross tables and is expressed with the 95% confidence interval. Logistic regression analysis was used to examine the independent factor on NAFLD. A 1-way analysis of variance (ANOVA) was used to assess the prevalence of a fatty liver according to the BMI, body fat, waist circumference, triglyceride level, and HOMA IR quartile groups. When found to be significant, a post hoc (Scheffé method) multiple comparison was used to establish the differences between the groups. The statistical analyses were performed using the SPSS version 11.0 software package (SPSS Inc, Chicago, Ill). P values of less than .05 were considered significant.
RESULTS
CLINICAL CHARACTERISTICS OF SUBJECTS
The prevalence of a fatty liver was 23.4% in all the subjects and was higher in the overweight group than in the normal-weight group (34.4% vs 16.1%; PϽ.001).
In the clinical and laboratory data of all the enrolled subjects, there were significant differences between the subjects with and without NAFLD in the variables, including the BMI, body fat, waist circumference, lipid profile, HOMA IR , and HOMA ␤-cell function ( Table 1) .
The characteristics of the subjects according to the BMI are shown in Table 2 . In the normal-weight group, there were significant differences between the subjects with and without NAFLD in terms of sex; BMI; waist circumference; waist-hip ratio; levels of total cholesterol, triglycerides, HDL-C, uric acid, fasting blood glucose, insulin, aspartate aminotransferase, and alanine aminotransferase; HOMA IR ; and HOMA ␤-cell function . In the overweight group, a comparison between subjects with and without NAFLD showed a similar tendency to that in the normal-weight group (Table 2) .
There were no significant differences between the normal-weight group with NAFLD and the overweight group without NAFLD in terms of the metabolic variables such as waist-hip ratio, blood pressure, lipid profiles, levels of fasting blood glucose and insulin, HOMA IR , and HOMA ␤-cell function (Table 2 ).
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METABOLIC ABNORMALITIES OF NAFLD BY BMI
The prevalence and odds ratios of the metabolic disorders according to the presence of NAFLD are shown in Table 3 and Table 4 , respectively. In the normalweight group, the prevalence of hypertriglyceridemia, hyperuricemia, central obesity, and insulin resistance was higher in the subjects with a fatty liver than in those without one. However, in the overweight group, there was no difference in the prevalence of central obesity between the subjects with and without a fatty liver (Table 3) . In both the normal-weight and overweight groups, NAFLD was a significant predictor of insulin resistance and other metabolic abnormalities, including triglyceridemia and hyperuricemia. The odds ratios in the normalweight group were higher than those in the overweight group (Table 4) .
MULTIPLE LOGISTIC REGRESSION ANALYSIS OF THE CLINICAL AND LABORATORY FACTORS ASSOCIATED WITH NAFLD
According to multiple logistic regression analysis, age and BMI were independently associated with NAFLD in the overweight group, but not in the normal-weight group. In the normal-weight group, sex, waist circumference, triglyceride level, and logarithm HOMA IR were independently associated with NAFLD ( Table 5) .
PREVALENCE OF NAFLD BY BMI, WAIST CIRCUMFERENCE, TRIGLYCERIDE LEVEL, AND HOMA IR QUARTILE GROUPS
The Figure shows the prevalence of NAFLD according to the quartiles of the factors associated with NAFLD. In the prevalence of NAFLD according to BMI quartiles, there were significant differences in both the normal-weight and overweight groups according to the ANOVA results, although not every quartile group showed a significant difference (Figure, A) . However, the prevalence of NAFLD according to the body fat quartiles did not show any significant difference among the quartile groups according to ANOVA (data not shown). In terms of the waist circumference and triglyceride quartiles, the prevalence of NAFLD was significantly higher in the upper quartile groups in both the normal-weight and overweight groups (Figure, B and C). In the analysis according to the HOMA IR quartiles, the prevalence of NAFLD was higher in the upper quartile groups (Figure, D) .
COMMENT
Recently, an increasing number of studies have examined the significance of NAFLD, as NAFLD is increasingly prevalent and understood as a feature of the metabolic syndrome. 25 In the general population studies, screening with ultrasonography [26] [27] [28] [29] or computed tomography 30 has indicated a prevalence ranging from 13% to 23%. In the present study, the prevalence of NAFLD in nondiabetic, nonobese adults was 23.4% (16.1% in the normal-weight group and 34.4% in the overweight group). Although the subjects in this study were nondiabetic, nonobese adults, the prevalence of NAFLD was higher than that in other reports in which the subjects were obtained from the general population. This suggests that lifestyle or genetic factors besides obesity, diabetes mellitus, and dyslipidemia may be a part of the risk factors for NAFLD. A recent study suggests that the fatty liver group had much greater carbohydrate intake than the control group and that the restriction of carbohydrates might contribute to the recovery of a fatty liver. 31 Koreans have a higher carbohydrate intake than white subjects, 32, 33 and the high prevalence of NAFLD can be partially ascribed to the increased intake of a higher percentage of carbohydrates in the regular diet. Abbreviations: HDL-C, high-density lipoprotein cholesterol; IFG, impaired fasting glucose level; NAFLD, nonalcoholic fatty liver disease. *Definitions of normal-weight and overweight groups: see Table 2 . Data are expressed as number (percentage) of subjects. †Calculated by comparisons of subjects with and without NAFLD. Significant values appear in boldface type. ‡Defined as the highest quartile of the index of insulin resistance calculated according to the homeostasis assessment method. §Defined as Ͼ90 cm and Ͼ80 cm in waist circumference for men and women, respectively.
In the present study, the diagnosis of NAFLD was based on the exclusion of the known etiologic factors responsible for liver disease and ultrasound examination results, but the diagnosis was not confirmed by liver biopsy results. In a prospective study comparing ultrasound scanning with histological examination results, Saverymuttu et al 34 showed that ultrasound examinations can accurately identify a steatosis with a sensitivity of 94% and a specificity of 84%. Although ultrasonography has some limitations in distinguishing a fatty liver from other liver diseases, the present study used ultrasonography to examine subjects in sufficient numbers, using a noninvasive method.
Diabetes and obesity are well-known risk factors for the development of NAFLD, but the causality of them to NAFLD is unclear. They may play an important role as confounding factors. Therefore, the significance of NAFLD, excluding diabetes and obesity, was investigated in this study.
Recent studies 11, 12, 35 have suggested that insulin resistance might be a primary phenomenon adding to obesity-and diabetes-associated insulin resistance in NAFLD. However, previous studies lacked an appreciation of NAFLD as a risk factor for metabolic disorders and did not evaluate NAFLD by comparing a normal-weight with an overweight group. This study assessed the NAFLD from the viewpoint of metabolic disorders, dividing the subjects on the basis of BMI. The results showed that NAFLD is a significant predictor of insulin resistance, and insulin resistance was found to be an independent factor associated with NAFLD on multiple logistic regression analysis in both the normal-weight and overweight groups. Not only was insulin resistance more prevalent in the subjects with NAFLD in both groups, also other metabolic disorders such as hypertriglyceridemia and hyperuricemia also were more prevalent.
The relationship between obesity and NAFLD is well known. However, it has been proposed that the waisthip ratio or the waist circumference, which reflects central obesity, is more related to NAFLD than BMI is. 12, 36 In contrast to the overweight group, the BMI was not an independent risk factor for NAFLD in the normalweight group in the present study. However, patients with NAFLD showed an increased central obesity, even in the presence of a normal weight, and waist circumference was an independent risk factor for NAFLD, particularly in the normal-weight group. In addition, we found significant differences in the normal-weight and overweight groups in the prevalence of NAFLD according to the waist circumference quartiles by ANOVA. A previous study reported that a central body fat distribution determined by the waist-hip and waist-height ratios and the skinfold thickness predicted a fatty liver only in women. 37 However, in this study, when the data were analyzed in men and women separately, the waist circumference was found to be an independent factor in normal-weight men and women (data not shown).
In Asians, an impairment of early-phase insulin secretion plays an important role in the pathogenesis of type 2 diabetes, 38 and overall obesity is relatively uncommon. Asians have a higher proportion of visceral fat and a lower lean body mass than do white subjects with the same BMI. 15, 39 Central obesity is the key factor that contributes to insulin resistance, 5 and an increased visceral adiposity might be relevant in the pathogenesis of NAFLD. 12 Visceral adipose tissue is more resistant to insulin, exhibits a greater lipolysis, and produces more free fatty acid than does adipose tissue in other sites. 40 The increased availability of a substrate for lipogenesis and Abbreviations: See Table 3 . *Definitions of normal-weight and overweight groups: see Table 2 . Data are expressed as odds ratios (95% confidence intervals). Significant values appear in boldface type.
†PϽ.05. ‡Definitions: see Table 3 . Abbreviations: see Table 1 . *Definitions of normal-weight and overweight groups: see Table 2 . †Significant values appear in boldface type.
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Our results found no difference between the normalweight subjects with NAFLD and the overweight subjects without NAFLD in terms of the metabolic variables such as the waist-hip ratio, HOMA IR , HOMA ␤-cell function , and levels of fasting glucose, insulin, total cholesterol, HDL-C, and triglycerides. From the metabolic point of view, this finding suggests that normal-weight subjects with fatty liver are comparable to overweight subjects, although they have an apparently normal weight.
Moreover, in the normal-weight group, the odds ratios of insulin resistance and metabolic disorders such as hypertriglyceridemia, hyperuricemia, and central obesity in subjects with NAFLD compared with those without NAFLD were higher than the odds ratios in the overweight group. This suggests that NAFLD can be considered to be a more meaningful predictor of metabolic disorders, particularly in the normal-weight population.
The pathogenesis of NAFLD is still under active investigation. The "2-hits hypothesis" by Day and James 42 suggests that the first hit involves the accumulation of excess fat in the hepatic parenchyma. This step has been linked to insulin resistance. The second hit is generally attributed to oxidative stress that causes the peroxidation of lipids in the hepatocyte membrane, which can initiate fibrosis via the proinflammatory cytokines and activated stellate cells. Lipid peroxidation and the generation of free radicals can also directly and adversely affect the hepatocytes, resulting in cell death and hepatic necrosis.
Considerable interest has been generated recently in nonalcoholic steatohepatitis, because the prevalence of cirrhosis was significantly higher among patients with nonalcoholic steatohepatitis than among patients with a steatosis alone. 3 The limitation of this study was the lack of a histological confirmation of a diagnosis of nonalcoholic steatohepatitis. 43 Therefore, this study could not define the association between the histological significance and the metabolic abnormalities.
CONCLUSIONS
In summary, our study resulted in the following findings. First, NAFLD was a significant predictor of insulin resistance and metabolic disorders, and it may be an indicator of metabolic disorders even in nonobese, nondiabetic people. Second, the significance of central obesity was more meaningful for NAFLD in the normalweight group than in the overweight group, and this suggests that visceral adiposity rather than the overall amount of body fat is important, particularly in normalweight people. Third, insulin resistance and central obesity were independently associated with NAFLD in normal-weight subjects, and this might have therapeutic implications. Insulin-sensitizing drugs or a reduction in central obesity through a nutritional regimen and exercise might reverse a fatty liver. Therefore, there is a need for further clinical studies. In conclusion, NAFLD is closely associated with metabolic disorders, regardless of obesity or diabetes, and can be considered an early predictor of metabolic disorders, particulary in the normalweight population.
